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Attenuated organisms, unless properly delivered, can regain virulence, however. 
Additionally, broad spectrum use of PLA/PGA microspheres is not possible 
because these carriers require organic solvents that may alter or denature 
antigens. Furthermore, PLA/PGA systems are difficult to manufacture. 
5 More recently, microspheres comprising artificial polymers of mixed 

amino acids (proteinoids) have been described for delivering biologically active 
agents including antigens. Santiago, etal. Pharmacautirai Ba& Vol. 10, No. 8, 
(1993). 

Adjuvants have been coadministered with antigens to increase the 
1 0 effectiveness of antigens, but adjuvants and antigen/adjuvant compositions are 
susceptible to the common problems of oral delivery described above. 

Consequently, there is still a need in the art for simple, inexpensive, 
and easily prepared systems which can effectively deliver a broad range of 
antigens, particularly via the oral route. 

15 

SUMMARY OF THE INVPIUTIQfU 

The present invention provides compositions for delivering 
antigens. These compositions are suitable for delivery via the oral route and 
comprise: 

an antigen; 
an adjuvant; and 

at least one carrier comprising a member selected 
from the group consisting of; 

(i) an acylated amino acid or a salt 
thereof; 

(ii) a polyamino acid comprising at least one 
acylated amino acid or a salt thereof; 
a sulfonated amino acid or a salt 
thereof; 

(iv) a polyamino acid comprising at least one 
sulfonated amino acid or a salt thereof; or 

(v) any combination thereof. 



20 



(a) 
(b) 
(c) 
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These compositions c,n be or,l.y administered to animals ,„ 
Produce or prim, and/or to boost an immunogenic response and to all 
immunize**. When these composition, are used to boo,, imln 
tesponee, th. p*ne can be delivered b y the co^^TZZ 
5 .nvention or other compositions. * 
Also contemplated are method* *«r 

—: - — — « - I sr: 

optionally, a dosing vehicle. ' nd 

10 Prlef Pescrlntion of th« ^ mlm 

Figure 1 is a graphic illustration of IgA resoonc* .« ^ 

cre, r . e . wlth ovalbumkl (0VA , andpen. .rra z ;;::r:„ b : 

modified amino acid carrier. "ojuvant, and 

1B „*.. „ , /' 9Ur9 2 18 * 8raPhiC "' UStra,i<,n ° f * 9 lnduc «°" °' '9G «ter, in 

ATctr r:; 8av89e r ova ct adi — - 

Rpure 3 is . graphic llhl8tratlon of |gA |n 
pavage w«h OVA andpen. CT adjuvant and cyclohexenoyNArg carrier o r w,* 
20 -ntrepentonee, in^on of OVA endpen an, CT adiuven, foCdT 2 
booster of OVA- andpen. CT edjuvant ,nd cyclohexenoyl-Arg cJer „ 

ccmpaHsontcpAd^rsin mice dosedby ore, gavagewhh OVAan«Utd CT 
edjuvent without carrier. 9 00 CT 

The present invention uses readily available and Inexpensive carrier 
sten.np matana(s and prov|de$ . ^ J * ^ 

Oogenic composltion8 . The present invemjon |s ^ "9 
and ,s sm,n,bl, to industrial scale-up for commercial production 

The composidon, of th, subject invention ar, use , u , ,0, 

2 ****** hUmSnS - Th9 — o"s eiici, an 

•mmunopenic response and provide immunization. 
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Aflfiflsns 

Antigens suitable for use in the present invention include, but are 
not limited to, synthetic Or naturally derived proteins and peptides, and 
particularly those which by themselves are unable to induce an efficient immune 
5 response or which induce tolerance; carbohydrates including, but not limited to, 
polysaccharides; lipopolysaccharides; and antigens isolated from biological 
sources such as, for example, microbes, viruses, or parasites, and subunits or 
extracts therefrom; or any combination thereof. Special mention is made of the 
antigens Streptococcus pneumoniae, S. typhi VI carbohydrate. Hemophilus 
10 influenzae (type B), Acellular B. pertussis. Neisseria meningiditis (A,C), H. 
influenzae (type B, Hib), Clostridium tetani (tetanus), Corynebacterium 
diphtheriae (diphtheria), and infectious bursal disease virus (IBDV) (attenuated 
and virulent). 



15 Adjuvants 

Adjuvants suitable for use in the present invention include, but are 
not limited to protein carriers such as protein containing appropriate T-cell 
epitopes; hydrophobic antigens such as proteins with a lipid tail or antigens in 
oil with added MOP; polyclonal activators of T-cells such as PPD, poly A and 

20 poly U; B-cell activators such as antigen-polymerizing factors and B-cell 
mitogens; macrophage (APC) stimulators such as muramyl dipeptides (MDP) and 
derivatives thereof; and lipopolysaccharides (LPS); alternate pathway 
complement activators such as, for example, inulin, zymosan, endotoxin, 
levamisole, C. parvum; or any combinations thereof. Other useful adjuvants 

25 include lipoidal amines in general; polyphophazenes; bacterial toxins such as 
E-coli heat labile enterotoxin (LT-OA), cholera or diphtheria toxin or subunits, 
thereof, such as, for example, cholera toxin 0-subunit or E-coli heat labile 
anterotoxin 0-subunit; bacterial toxoids; poly or di-saccharides; or any 
combination thereof such as, for example, cholera toxin and cholera toxin 0- 

30 subunit. 

Preferred adjuvants are mucosal adjuvants. 



WOW/12474 

MT/BS9S/IJS28 

The carriers of the present invention are »^ „ 
Po.y.mino.c W s;orpep« tte , or81 , tsm9feo , M ^," a ™ , am ' n0 aCWS; 
•Ods. or peptides sr. efther ,cy,a tt dT „ ° ^ POly """"o 

5 amides end subonamides SU "° na,9d « *** amino add 

Amino ecids are the basie materiels used to preoar. 
en.no acid is any carbolic acid naving a, ,ea« ZT ^ *" 
incudes natural* occurnn, and synthetic a JT 7 8mine 8f ° UP «"* 
«* * - - PresJinvenll ^L ^ 
areneturailyoccurrin, -amlnoaclds ManvslT T ^ 
are readily available from a number o^ 8,n,n0 acW e8te « 

Chemioa, Co. IMilwsuKee. W, "saTs* T^' """" «* " "*«* 
« Chemice, Corp.' ^ * ^ ° SA » ; 

o 

H -N(R')-(R*-C)-OH I 
— * R ;'a h ydr. 8en .c, C4alky , orCj . C4aIkeny|; 

' S C '" Cm 8,M ' C - C « —A Cr c„ cycloaiky C C 
cycloalkenyl. pnenyl. naphthy , ^ J C -*» 

alkeny,, p hen y ( . (C ,. C „ a(ky|) P "* ^ 

nephthyl. ph e nyl (c ,. c , o , |(cyl , « 

™Phthy, (C ,. Cfo 8lkyl) , „ nBphthy( ( * < ^ -any,, 

be ; 9o t^ sub ^^c,c 4 s,M:;.c 4 l yl c 

C 4 alkoxy, -OH, -SH, -CO R 3 r r» 1 

nr* ha,orocvc,ic havin9 3 - , ° « n ° — «2S 

the hetero atom is one or more of N O s 
combinstion thereof srvl (c r- .»., . ' " ny 
«.nyeon* ln ,J^^ 

" J b- ZTT " ,,er " ,P,9d ^ ° XV9en ' n,tr09e "' «"*'• - eny 
combinstion thereof; end 

R> 18 hVdro8en ' C ' c « alkyl, or Cj -C 4 slkenyl. 
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The preferred naturally occurring amino acids for use in the present 
invention as amino acids or components of a peptide are alanine, arginine, 
asparagine, aspartic acid, citrulline, cysteine, cystine, glutamine, glycine, 
histidine, isoleucine, leucine, lysine, methionine, ornithine, phenylalanine, proline, 
5 serine, threonine, tryptophan, tyrosine, valine, hydroxy proline, 
K-carboxyglutamate, phenylglycine, Or O-phosphoserine. The preferred amino 
acids are arginine, leucine, lysine, phenylalanine, tyrosine, tryptophan, valine, 
and phenylglycine. 

The preferred non-naturally occurring amino acids for use in the 

1 0 present invention are ^-alanine, a-amino butyric acid, K-amino butyric acid, y- 
(aminophenyl) butyric acid, a-amino isobutyric acid, 6-aminocaproic acid, 7- 
amino heptanoic acid, 0-aspartic acid, aminobenzoic acid, aminophenyl acetic 
acid, aminophenyl butyric acid, ^glutamic acid, cysteine (ACM), e-lysine, e- 
lysine, methionine sulfone, norleucine, norvaline, ornithine, d-ornithine, p- 

1 5 nitro-phenylalanine, hydroxy proline, 1 ,2,3,4,-tetrahydroisoquinoline-3-carboxylic 
acid and thioproline. 

Poly amino acids are either peptides or two or more amino acids 
linked by a bond formed by other groups which can be linked, e.g. , an ester, 
anhydride or an anhydride linkage. One or more of the amino acids of a 

20 poiyamino acid or peptide may be modified. Special mention is made of non- 
naturally occurring poly amino acids and particularly non-naturally occurring 
hetero-poly amino acids, i.e., of mixed amino acids. 

Peptides are two or more amino acids joined by a peptide bond. 
Peptides can vary in length from dipeptides with two amino acids to 

25 polypeptides with several hundred amino acids. See, Walker, Chambers 
Biological Dictionary . Cambridge, England: Chambers Cambridge, 1 989, page 
215. Special mention is made of non-naturally occurring peptides and 
particularly non-naturally occurring peptides of mixed amino acids. Special 
mention is also made of dipeptides, tripeptides, tetrapeptides, and pentapeptides 

30 and particularly, the preferred peptides are dipeptides and tripeptides. Peptides 
can be homo- or hetero- peptides and can include natural amino acids, synthetic 
amino acids, or any combination thereof. 



10 
10 
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Ar-Y-<R*> n _ 0 H „ 

W T ^ " 3 ° f or naphthy, 

10 j 0 

Y « -C-.R* has the formula -MR*)-* r " u 

RS . R - c -. wherein: 

— *» nvhfl*. phony, (c , t0 c * *" "■«*** (C, ,o C,„ 

' • <c » c md naphth ; (Ci c : - c - • c w ^ naphthw 

R • hydr^en. C, „ c 4 a M or C, «„ c 4 a lkeny , ' 
cc mbln8 „ on ;j~ y * — or an y 

R , i S hydro 9 or,.C,,oC 4 a IM orC 1 «oC 4 a, l ceny,. 

A„o«,,r fl ro U pofpr. fe rre d aov.a,a d a r oac Wsh av. t ,a,orr„ ul8 
R'-C I _N_ (R ,._ C »_ 0H ((( 

30 R* 

where,: R' «, C,C eycIoalM , opttona((y 

C,C, , k ,„ yl . c,-C, a, k „xy, hydroxy . pheny|; p „ en ' ^ ' 

w haf .nR" 1 s hyd ro 9 .n,C,-C 4 a,M.orC,C 4 a,en y ,;.r ' ' 

35 „.,,„! C '" C "" kVlSUbs,,,ute 'w'thC J .C„c y c l oa l l< y ,; 

R ' sh Vdro B e n .C,.C 4 alk yl .orC J .C 4 a.kan y .; 
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R 10 is C r C 24 alkyl, C 2 -C 24 alkenyl, C 3 -C 10 cycloalkyl, C 3 -C, 0 
cycloalkenyl, phenyl, naphthyl, (C r C 10 alkyl) phenyl, (C 2 -C 10 alkenyl) phenyl, (C r 
C 10 alkyl) naphthyl, <C 2 -C 10 alkenyl) naphthyb phenyl (C r C 10 alkyl), phenyl (C 2r 
C 10 alkenyl), naphthyl (C r C 10 alkyl) or naphthyl (C 2 -C 10 alkenyl); 
5 R 10 being optionally substituted with C r C 4 alkyl, C 2 -C 4 alkenyl, C r 

C 4 alkoxy, -OH, -SH, -C0 2 R 12 , C 3 -C 10 cycloalkyl, C 3 -C 10 cycloalkenyl f heterocyclic 
having 3-10 ring atoms wherein the hetero atom is one or more of N, 0, S or 
any combination thereof, aryl, (C r C 10 alk)aryl, aryl(C r C 10 alkyl), halogens, or 
any combination thereof; 
1 0 R 10 being optionally interrupted by oxygen, nitrogen, sulfur, or any 

combination thereof; and 

R 12 is hydrogen, C,-C 4 alkyl, or C 2 -C 4 alkenyl. 

Special mention is made of salicyloyl phenylalanine, and the 
compounds having the formulas: 
15 ' 



20 
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Special mention is also made of compounds having the formula: 

0 



XLVII 




10 wherein A is Tyr, Leu, Arg, Trp, Phe, Lys, Val, or Cit; and 

optionally wherein if A is Tyr, Arg, Trp, or Cit; A is acylated at 2 
or more functional groups. Preferably A is Tyr; A is Tyr and is acylated at 2 
functional groups; A is Leu; A is Arg; A is Arg and is acylated at 2 functional 
groups; A is Trp; A is Trp and is acylated at 2 functional groups; A is C|t; and 
15 A is Cit and is acylated at 2 functional groups. 

Special mention is also made of compounds having the formula: 



20 



25 




XLVIII 



wherein A is Arg or Leu; and 

wherein if A is Arg, A is optionally acylated at 2 or more functional groups; 

O 




XLIX 



where A is Leu or phenylglycine; 

30 
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5 wherein A is phenylglycine; and 




w 

wherein A is phenylglycine. 

acids to form amides. P«sent in the amino 

Suitable, but non-llmltin B , examples of acvlatino M . n ~ « . 
preparing aoylated amino acids inolude 8c " 8t, "9 agents usefu. In 

20 O 
acid ch.oride acy,at,ng agents having the formula R»- C -x wherein? 

Pearly m ,thH ethy , cyCohexy, cyCopenty,. pLy,. ^ £ 
26 a leav,n 98 roup. Typical leaving groups include, buterenotlimi JT k 

such as chlorine, brom.no and Iodine. " *' ha, ° 9en8 

Examples of the acylating agents lnolud „ 
aoy. halides including, bu, no, .imtted to, ecety. chloride ' 
oycohexanoy, chloride. cyCopentanoy, ^ <M °'^ 
30 bensoy, chlor.de, hippury, oh,or,de end the , T'Z ^Idri I 

.nhydr.de, prop.on, anhydride, cyCohexan..; Z^^^T 
h ,Pur.c anhydride and the ,e. Preyed acy,a«ng agents ZZZ i 
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chloride, hippuryl chloride, acetyl chloride, acetylsalicycloyl chloride, 
cyclohexanoyl chloride, cyclopentanoyl chloride, and cycloheptanoyl chloride. 

the amine groups can also be modified by the reaction of a 
carboxylic acid with coupling agents such as the carbodiimide derivatives of 
5 amino acids, particularly hydrophilic amino acids such as phenylalanine, 
tryptophan, and tyrosine. Further examples include dicyclohexylcarbodiimide 
and the like. 

If the amino acid is multifunctional, i.e., has more than one -OH, • 
NH 2 or -SH group, then it may optionally be acylated at one or more functional 

10 groups to form, for example, an ester, amide, or thioester linkage. 

In the preparation of some acylated amino acids, the amino acids 
are dissolved in an aqueous alkaline solution of a metal hydroxide, e.g., sodium 
or potassium hydroxide and the acylating agent added. The reaction time can 
range from about 1 hour to about 4 hours, preferably about 2 to about 2.5 

1 5 hours. The temperature of the mixture is maintained at a temperature generally 
ranging between about 5°C and about 70°C, preferably between about 10°C 
and about 50°C. The amount of alkali employed per equivalent of NH 2 groups 
in the amino acids generally ranges between about 1.25 moles and about 3 
moles, and is preferably between about 1.5 moles and about 2.25 moles per 

20 equivalent of NH 2 . The pH of the reaction solution generally ranges between 
about pH 8 and about pH 1 3, and is preferably between about pH 10 and about 
pH 1 2. The amount of amino modifying agent employed in relation to the 
quantity of amino acids is based on the moles of total free NH 2 in the amino 
acids. In general, the amino modifying agent is employed in an amount ranging 

25 between about 0.5 and about 2.5 mole equivalents, preferably between about 
0.75 and about 1 .25 equivalents, per molar equivalent of total NH 2 groups in the 
amino acids. 

The modified amino acid formation reaction is quenched by 
adjusting the pH of the mixture with a suitable acid, e.g., concentrated 
30 hydrochloric acid, until the pH reaches between about 2 and about 3. The 
mixture separates on standing at room temperature to form a transparent upper 
layer and a white or off-white precipitate. The upper layer is discarded, and 
modified amino acids are collected by filtration or decantation. The crude 
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modified amino acids are , 

0% ' 17,9 P^sent invention also ««• . ' and usu ««y 
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° nd « tn8 amino J£* 88 **M*n*„^ or Pyriojne 

between about 5-c end sbou, 70-c B . " " * mp " Wu " «** 

a 9 ents used relatve to tne e ~" ^ am0Un,0 '^"o ^ 

'or amino acids. "* the aame as described above 

oxioe, at a temperature rangino betw«,„ ... 1 N ■ 0 *«' 

Pf ^«"ou, ro .C. f or. P e ri o (( r«rr ffl ^ 5 °'C and about 80. C . 

hv * 0 ^^tureisd,enoooi^ t „ roo l t l Tne 
20 " a '— « % bvdroobiodoao, soT. ^ ^ 

- about 2.5. The modiflsd amino^ ora, • ^ *« * 

The modified » m . nM ... aac antation. 

r a te ^onorb yfr a:: 0 ::„ rriir* * acw 

» "e Performed on a suitabi. coiumn Z P JZ 

«*. aoiven, mixtures such as soedo 8C ZT' , " ^ ^ " a,um "». 

^vsrssphaseooiumnsupportsusZr WMeraS ** ""*"• Pbase; 

*• mobiie pnase; end J "22 T ° '** 8 — «• "»«ures a 

5 — ■ Tbe mod, fl ed amin tl I — ™»! 
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toluene/ethanol solution and insoluble in neutral water. The alkali metal salts, 
e.g., the sodium salts of the modified amino acids are generally soluble in water 
at about a pH of 6-8. 

In a poly amino acid or peptide, one or more of the amino acids 
5 may be modified (acylated). Modified poly amino acids and peptides may 
include one or more acylated amino acid(s). Although linear modified poly amino 
acids and peptides will generally include only one acylated amino acid, other 
poly amino acid and peptide configurations can include more than one acylated 
amino acid. Poly amino acids and peptides can be polymerized with the acylated 
10 amino acid(s) or can be acylated after polymerization. Special mention is made 
of the compound: 

o 

" <AX3) 

15 I . I Lll 




wherein A is Arg or Leu and B is Arg or Leu. 

20 Sulfonated Amino Acid Carriers 

Sulfonated modified amino acids, poly amino acids, and peptides 
are modified by sulfonating at least one free amine group with a sulfonating 
agent which reacts with at least one of the free amine groups present. 

Special mention is made of compounds of the formula 

25 

Ar -Y-(R 14 ) n -0H Llll 

wherein Ar is a substituted or unsubstituted phenyl or naphthyl; 

0 

Y is -S0 2 -, R 14 has the formula -N(R 18 )-R 16 -C-, wherein: 

R 16 is C, to C 24 alkyl, C, to C 24 alkenyl, phenyl, naphthyl, (C, to C no 
alkyl) phenyl, (C, to C 10 alkenyl) phenyl, (C, to C 10 alkyl) naphthyl, (C, to C 10 
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alkenyl) naphthyl, phenyl (C to r .h, .1 . 

«c to c. ,m, j: x; c : trr ,c ' ,o c - — 

c to c 4 „ z :r stirrer c - : c - a,M ' c - - c < -* 

5 R"..h- an " COjB or8 "V combination tho™ 0 f; 

R » hydros, c, to C 4 «< yl0f c, t0 c<alkeny , 

«--80,-X wnerrfn R" an •-^2^7^! " ' 0,mU,a 

Modified poly amino acids and n«n*w 
sonata* am.no aCd.s,. A^HnaTm^ i " C,Ude ~ " — 
Po^as U sad g an. ra(Iyi nc. ud aon ly l Z na r P °' V « 
.<*. and pept.de configurate JnlZ ^^ na,edam ' n0aeW ' 0 « h -Po'v^n. 

» — ac W( s, or can be au^ ^p^ST ^ * ^ 

Syatama 

25 '~ is that smaOer amoun JT, L„ T °' «" 

"sad to ,ch..ve an appro*.* response „ ^ " 9 

ov-dent wben *. compose „ ^ * «~* 

wHh the antigen and adjuvant prior to ari^TI """'^ ° rsal,s 

«ne modified am,no ec,ds ^1^^ T" 

antfgen and adjuvant. <™crospheres containing the 
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Microspheres containing antigen and adjuvant can generally be of 
the matrix form or the microcapsule form. The matrix form includes both a 
hollow matrix sphere in which the carrier forms a matrix shell around a hollow 
center with the antigen and adjuvant distributed throughout the matrix and a 
5 solid matrix sphere in which the carrier forms a spherical matrix continuum in 
which the antigen and adjuvant are distributed. 

The microcapsule form is one in which the encapsulated antigen 
and adjuvant independently are either in solution or are solid, with the carrier 
forming a shell around the encapsulated material. The microcapsule form is the 
10 form most often taken by the self assembly of the carriers of the present 
invention. 

If the delivery composition is to be of the microsphere form, carrier 
microspheres can be prepared by dissolving the carrier in an appropriate solute 
and then stimulating self assembly by contacting the carrier solution with a 

1 5 precipitator. Solubility of the carrier can be regulated by the selection of the 
appropriate amino acids. 

Furthermore, the microsphere carriers and, therefore, the 
compositions of the present invention can be pH adapted to be selectively 
soluble in specific acidic, basic, or neutral pH ranges. 

20 Compositions which are targeted to an acidic environment can be 

made selectively soluble at acidic pH, such as the pH in the stomach. These 
compositions are prepared with an acid-soluble carrier. The acid-soluble carrier 
exists largely in the cation form in at least a portion of the pH range from about 
1 to about 6.8. However, above about 6.8 or at selected ranges above pH 6.8, 

25 the carrier is largely unprotonated and insoluble in water. Therefore, the carrier 
could self assemble to microspheres at basic or neutral pH, and the antigen in 
the delivery composition would not be released until the carrier solubilizes upon 

encountering an acidic pH. 

Compositions which are to be targeted to an alkaline environment 
30 csn be made selectively soluble at alkaline pH, such as the pH in the distal 
portion of the intestine. These compositions are prepared with a base-soluble 
carrier. The base-soluble carrier exists largely in an anionic form in at least a 
portion of the pH range of from about 7.2 to about 1 1 . However, below and at 
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g «*"— • "Pon encountering be* pH "° r ° ,M8 - ""«» «» carrier 

Compositions which are tarn**** * 
m.d. selecbVely soluble „ neutral dH ^ ' """'"""a* can be 

• ~— . cerrie, The mJ^Z^Z "V"— - 
'7 " " H - from about 6 . 8 M eoo^ 7 2 ^ ^ " 
»'» range. the cerrier is mso.ub.0 in weter 11 , ' '^"^ 

composition would not be released „„«i * 8IW,Be " *• ^ary 

a neutre. pH. ^"""'^^^aauponenoounterinl 

- n. . aboi", :r;::r::r: r r on can — - — 
,5 75 - ^ eoo m9 .j :rs:r on ' pr9,orab,ybe,w9 '''^ 

a^o-t ,5 to about 2 oo „ per mI . 0 ^ T "<"" 
temperature between about 20'C.nH / m ' X,Ure is nes «ad to a 

bvoonvenuon.,m.enssuc h .sreZ^rr 80WOnm8ybefi,t9Wd - 
20 ^'^-^ismainuineuetrrarr ^^l- terrier 
an« 9 en.„ d/oraoiuvantanda £^Z* mm »~*»~**». 
as. for exempl, 8queous acMj J^cla ^ S °' U,,0n «* 
-ou, , N to ebou, 3 N for acid — - 

Insoluble carriers, and a nautrall2jng ° f ** baso 

«~ separate,, Tne resultent ITJ^SS? ^ " ™ * 
sumcientformicrospberefornvttionasobse ^2^, ' °' ** 

t carrier sdutlon can be edded to tbe — * - 

o'spersabHlty of active agent ,„ Tne^ZT ** - 

—d et a concent ranfline ^^--J.^ 
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preferably about 0.5% (w/v). Suitable, but non-limiting examples of stabilizing 
additives include buffer salts, gum acacia, gelatin, methyl cellulose, polyethylene 
glycol, polylysine, carboxylic acids, carboxylicacid salts, and cyclodextrins. The 
preferred stabilizing agents are gum acacia, gelatin, and methyl cellulose. 
5 The amounts of antigen and adjuvant which may be encapsulated 

by the microsphere is dependent upon a number of factors which include the 
concentrations of antigen and adjuvant in the encapsulating solution as well as 
their affinities for the carrier. The concentrations of antigen and adjuvant in the 
final formulation also will vary depending on the required dosage for treatment. 

1 0 When necessary, the exact concentrations can be determined by, for example, 
reverse phase HPLC analysis. 

When the present compositions are in microsphere form, the 
particle size of the microsphere can also aid in providing efficient delivery of the 
antigen to the target. Typically, microspheres of the present invention will have 

1 5 a diameter of less than 1 0 yum, preferably in the range of from about 0. 1 fim to 
about 10 fjm, and most preferably in the range of from 0.2 fjm to about 1 0 fjm. 
The size of the microspheres containing an antigen can be controlled by 
manipulating a variety of physical or chemical parameters, such as the pH, 
osmoiarity, ionic strength of the encapsulating solution, or size of the ions in 

20 solution, and/or by the choice of the precipitator used in the microsphere 
forming and loading process. 

For example, in the Gi tract, it is often desirable to use 
microspheres which are sufficiently small to deliver effectively the antigen to the 
targeted area within the gastrointestinal tract. Small microspheres can also be 

25 administered parenterally by suspending the spheres in an appropriate fluid (e.g. 
isotonic solution) and injecting the solution directly into the circulatory system 
intramuscularly or subcutaneously. The mode of administration of the delivery 
compositions will vary, of course, depending upon the requirement of the 
antigen administered. It has been noted that large amino acid microspheres 

30 (greater than 50 fjm) tend to be less effective as oral delivery systems. 

The compositions of the present invention may also include one or 
more enzyme inhibitors. Such enzyme inhibitors include, but are not limited to, 
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Actinonin derivatives have the formula: 
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' V CH2 H o 

-Mo 

ch/ V h r» 
"^•rem R" Is aulroxymetty, o, carboxy"' or . „ 
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- - * hydroxy,, , lko y^x^^r^^'^ 
20 enz ymB inhibltors LC nott h Xya '" in0 °*« 

Bowman*,* .nhibitor. ' ,lm,,ed * T»sy.o« and 
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«"* forms ,nc,ude. bu, are no, ^T^- "'"'^ ^ 
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encapsulation process need not alter the structure of the antigen. Any antigen 
can be incorporated within the amino acid microspheres. 

the compositions are particularly advantageous for oral 
immunization with antigens which otherwise would be destroyed or rendered 
5 less effective by conditions encountered within the body of the animal to which 
it is administered, before the microsphere reaches its target zone such as 
peptides or proteins, which, by themselves, do not pass or are not taken up in 
the gastro-intestinal mucosa and/or are susceptible to chemical cleavage by 
acids and enzymes in the gastrointestinal tract. Such antigens include those 

10 used to provide immunization against diseases including but not limited to, 
influenza, diphtheria, tetanus, measles, polio, hepatitis and the like. The 
compositions of the invention are more effective at inducing both mucosal and 
serum antibody responses than antigens which are administered without the 
carriers specified herein and adjuvants. The antigens are administered to a 

1 5 mammal for their biological effect, such as, for example as immune stimulators. 

Administration of the present compositions or dosage unit forms 
preferably is oral or by intraduodenal injection. 

EXAMPLES 

20 The invention will now be illustrated in the following non-limiting 

examples which are illustrative of the invention but are not intended to limit the 
scope of the invention. 

EXAMPLE 1 

25 PREPARATION O F ft /^DICYCLOHEXANOVL-^TYROSINE 

^-Tyrosine (61 .6 g., 0.34 mole) was dissolved in 1 90 mL of 2 N sodium 
hydroxide. Cyclohexanoyl chloride (49.32 mL, 0.34 mole) was added dropwise 
to the mixture. Additional aqueous 2 N sodium hydroxide was added, and the 
reaction mixture was allowed to stir at room temperature for 2 hours. The 

30 mixture was then acidified to pH 9.5 with aqueous (4:1) hydrochloric acid. A 
precipitate formed which was separated by vacuum filtration. The solids were 
dissolved in 2 N sodium hydroxide and dried by lyophilization to furnish 33.5 g 
of /V,0-dicyciohexanoyW-tyrosine. The product was purified by column 
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chromatography on alllc. Bel usi „ 8 bu U no./.ee«e acld/wa,.r as the 
system. The pura product was a white so.id. 0,U< " ,, 

Properties are listed below: 

Mass Spectrum: M+23m/e314. 

'H NMR (300 MHz.DMS0-d6): d = 6.8 (d. 2H); 6.4 (d 2HI- 4. < , 
1300 ^ 3360 ' "°* 28B °- 160 °' «* 1400. 




a 4fi a mmAut -r-. Mo "*yi tyrosine benzyl ester IZ 

0. 46.8 mmole). The reaction temperature was maintained at 0-C L ' 

mn , T . F Qluroov wiu% palladium on carbon (600 

71 1 8 fl,,er9d ,Hr0UBh CeU " ™» ~tra,ed >nZ 

«o prov,d. e solid which wes racrystelllzod from ethy( ace ° 
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NMR results are listed below: 
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'H NMR (300 MHz, D 2 0) 6 6.9 (d, 2H, aromatic), 6.6 <d, 2H, 
aromatic), 4.25 (m, 1H, NHC//COOH), 2.95 (m, 1H, CH 2 ), 2.7 (m, 
1H, CH 2 ) 2.05 (m, 1H, NHC(O)CH), 1.5 (br. m, 5H, cyclohexyl), 
1 .05 (br. m, 5H, cyclohexyl). 

5 

EXAMPLE 3 

PREPARATION OF /V-CYCLOHEXANOYL-rtJ-LEUCINE 

Cyclohexanoyi chloride (32.7 mL, 232 mmole) was added dropwise 
to a solution of fU-leucine (37 g, 282 mmole) in aqueous sodium hydroxide (500 

10 mL, 2 N). During the course of this addition, the reaction temperature was 
maintained below 45°C using an ice/water path, as necessary. The pH was 
maintained at about 10 by the addition of aliquots of 14 N NaOH, as necessary. 
After the addition was complete, the reaction mixture was stirred for an 
additional 2 hours at room temperature. The resulting clear solution was 

1 5 adjusted to pH 2.5 by the dropwise addition of concentrated hydrochloric acid. 
The precipitate was collected by filtration, re-dissolved in a minimum amount of 
12 N sodium hydroxide, and re-precipitated by dropwise addition of 
concentrated hydrochloric acid and filtered. The crude reaction product was a 
white solid and contained about 85% /V-cyclohexanoyl leucine sodium salt, 

20 about 10% cyclohexane carboxylic acid sodium salt, and about 5% N- 
cyclohexanoylleucylleucine sodium salt, by weight. The solid was washed with 
dilute aqueous hydrochloric acid (750 mL, 0. 1 N) to provide /V-cyclohexanoyl-tfJ- 
leucine as a white crystalline solid (52.6 g, 77%). 

25 NMR results are listed below: 

1 H NMR (300 MHz D 2 0) *4.2 (t, 1H, NHCtfCOOH), 2.0 (m, 1H, 
cyclohexylmethine), 1.6 (m, 7H, ring CH 2 , i-Bu CH 2 and CH), 1.3 
(m, 6H, ring CH 2 ), 0.8 (dd,6H,CH 3 ). 

30 

EXAMPLE 4 

PREPARATION OF /V-CYCLOHEXAN0YL-K./-ARGININE AND /V_/V,-DICYCLQ. 
HEXANQYl-M-ARGININE, 
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ftMroinlne (103.2 g.. 0.6 mole) was dissolved in 600 m. a , , M 
hydroxide. Cydohexenoyl chloride ,87 m L » 6 nJw S0< " Um 

men coofcd «o room tenure J 2*1^ ^ 

aqueous ,4:1, hydrochloric ac|d . ^ wh(eh ^ 2 3 "* 

by decantadon. The solids were di Jv.d „ 2 N tT 7 
by lyophifcation «, fu mlsh *. , „ " ' 8 ° d "" n hydroxi(te *Jed 

Product was ^7^°^*^*^. The 
b^„o,ece«cac,Z er .heT « — S e,/„s,n 9 

Properties are listed below: 

flfcgjtcloiifljfflQojd fry atflioine 

Mass Spectrum: M + 1 m/e 285. 

'H fMMR ,300 MHz, DMS0-d6,: p pm 6 m 8 . 75(or . 
^ /V r' d,Cv ff l ^^ft v PnffV f-^i-ar n .p fnf . 

Mass Spectrum: M + 1 m/e 395. 



'H NMR: (300 MHz, DMS0-d6>: d = 2.0 (m, 3H)- 1 8-1 4 ,h, 
17H); 1.3-1.0 (br. m, 20H) * ^ m ' 
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dissoived in 2 N sodium hydroxide to pH e B anTn ^ 

furnish 44 2 lt " d dried by 'vophtation to 

44.2 , o, /V-cyCohexanoy ^ product , ^ ^ 
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Properties are listed below: 

Mass Spectrum: M+23 m/e 308. 

1 H NMR (300MHz, DMSO-d6): d=4.1 (dd, 1H); 2.9 (t, 2H); 2.1 
(m,2H); 1.6-1.2 (br.m, 14H). 

IR (KBr) cm-1: 3400, 3300, 2950, 2850, 1700, 1650, 1600, 
1450, 1400 cm-1. 



EXAMPLE 6 

10 PRFPARATIQN OF /tf.rvCLOPENTANOYL-flJ-ARGINlNE 

flJ-Arginine (32.8 g., 0.19 moles) was dissolved in 1 88 mL of 2 N sodium 
hydroxide. Cyclopentanoyl chloride (22.9 mL, 0.19 moles) was added dropwise 
to the mixture. The reaction mixture was maintained at about 25 °C for 2 hours. 
The mixture was then acidified to pH 1.5 with aqueous (4:1) hydrochloric acid. 

1 5 The precipitate which formed was separated by decantation. The solids were 
dissolved in 2 N sodium hydroxide to pH 7.5 and dried by lyophilization to 
furnish 67.4 g of /V-cyclopentanoyl-flJ-arginine. The product was a white solid. 

20 Properties are listed below: 

Mass Spectrum: M + 1 m/e 271. 



EXAMPLE 7 

25 pRPPARATIQN Hp A-IA-PHENY I fitJLFQNAMIDOlPHENYLBUTYRIC ACID 

4-(4-Aminophenyl)butyric acid, (20 g 0.1 1 moles) was dissolved In 
1 10 mL of aqueous 2 N sodium hydroxide solution. After stirring for about 5 
minutes at room temperature, benzene sulfonyl chloride (14.2 mL, 0.1 1 moles) 
was added dropwise into the amino acid solution over a 1 5 minute period. After 

30 stirring for about 3 hours at room temperature the mixture was acidified to pH 2 
by addition of hydrochloric acid. This furnished a light brown precipitate which 
was isolated by filtration. The precipitate was washed with warm water and 
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Z T- 01 ^^^^^ .«*, was 24.3 9 
(69%). The melting point wee 123-25«C. 

EXAMPIF a 



5 




Followinn the procedure of Example 7. 4-aminobenzoic acid wa* 
convened to 4-<phenylsu.fona,nldo>be.*oic ecld. 

EXAMPI 1= ft 
10 PREPARATirWft 




AMIDOmfthyi ippri^ir; ^ rlp 

FoHowinflth. procedure of Example 7. 4-eminopheny.ac.tic acid 
4-anrfnoh.ppunc ec,d. end 4-em,nome*v«,.„ Z oic ecld were 

« *^.m,d.,ph^^^.^^ Mllft)M ^ 8) J^*; 

4-(4-pheny ( su l tonemldo m ethv.)ben»ic acid respectively. 

If necessary, the sulfonated amino acids can be ourm.* k 
recystallfeation and/or chromato B raphy. P * 

20 EXAMPI F m 




A mixture of sixteen amino acids were prepared prior to chemical 
modmcation. The constituents of th. mfcture are summadzed ,n TaWe 6 5 
9 rams o, the amino acid mboure ,tota, concentration of ,-MHJ B roupT- 0 6 
25 ~ w.ad,sso^ ln 7 60 mLof , N sodium hyd^d. soL^O 762 
a, room temperate. Af»r stirdn, fer 20 minutes, e™. 
sunony, chlodde ,78 ml, , was added ov „ . 2Q ^ rf 

teection rn.xh.re wes then stirred for 2.5 hours, whhou, heatin fl . As some 
Potation had occurred, addhlona, NaOH so.ut.on ,2 N, was added to th. 
30 ofc«enuntiH,,e.ched P H 9 .3. Th, reaction m l xh,r.ati rre dova mlfl h,a, f ol 

(38 * t:4) and a cream colored materia, precipitated out. The rasumno 
precipitate was Isolated by decantation and dissolved In sodium hydroxide (2 N) 
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This solution was then reduced in vacuo to give a yellow solid, which was dried 
on the lyophilizer. 



TABLE 1; Amino Acid gojppjBsJtiflD 



... 

ins 


Amino Acid 


Weight 

(g) 


% of Total 
Weight 


No. of moles of 
each Amino Acid 
(xlO- 2 ) 


1 IvU* UT IVIOI6S OT 

- I-NHJ 




Thr 


2.47 


3.8 


2.07 


1 2.07 




Ser 


2.25 


3.46 


2.1 


1 2,1 




Ala 


4.61 


7.1 


5.17 


I 5.17 




Val 


4.39 


6.76 


3.75 


I 3.75 




Met 


0.53 


0.82 


0.35 


I 0.35 


lie 


2.47 


3.8 


0.36 


J 0.36 




Leu 


3.86 


5.94 


2.95 


I 2.95 




Tyr 


1.03 


1.58 


6 56 

W* WW 


| u.oo 


Phe 


4.39 


6.76 


O 27 

W« A. / 


A OT 
KJ.Zf 


His 


2.47 


3.8 


1;6 | 


3.2 




Lys 


4.94 


7.6 


3 4 




20 

: -*tr 


Arg 


5.13 


7.9 


2.95 I 


5.90 


- -o 


Glutamine 


9.87 


15.18 


6.76 | 


,3.42 


."*}. ■ 


Glutamic 
Acid 


9.87 


15.18 


6.70 


6.70 


;\ ; U 


Asparagine 


3.32 


5.11 


2.51 1 


5.02 


25 | 

4»' "J H 


Aspartic Acid 


3.32 


5.11 


2.50 


— £22 I 



EXAMPLE 1 1 

REACTION OF FIVE MIXED AMINO ACIDS WITH BEN7 FNE SUl FDNyi 
C HLORID E 

30 An 86.1 g (0.85 moles of NH 2 ) mixture of amino acids (see Table 

2) was dissolved in 643 mL (1 .5 eq.) of aqueous 2 N sodium hydroxide solution. 
After stirring for 30 minutes at room temperature/ benzene sulfonyl chloride 
(108 mL, 0.86 moles) was added portion wise into the amino acid solution over 
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.16 minute pwiod . After Erring ,o, 2.5 hours at room 
». reacdon mhrture ,pH 5, was adjueted ,o p„ 9 wlth additiona( 
hydrox.deao.udon. The reacdon mi«ure mred overnight., rZ^ 
Thereafter, the pH of d,, reacdon m.«ure wa, ^ZZTTT"' 

PraCipita » «« ^ "v decantadon. w„h. d ^ Z ld 
d ssofved ,n 2 N eod.um hydro**, (2 N , ^ ^ * J- 

mv. a yellow solid whteh wa, lyophtod overni 9 h,. The vWd 7, h 
10 amino acid was 137.9 g. modlfled 

EXAMPIF 1? 




1- -n ^ple ^ZZTJ^T^^ 
nydrorfdaeohrfon. After ^ for 1.1^^^.",-- 
= de ,99 mL . o. 85 mo.ee, wea added p„rdonw,se ZZZZZ 
ao.ut.on over , ,0 mhut. period. After stirring for 2.5 hours « room 
temperature, the pH of the reaction mixture (oH 12. \ 

20 using d»ute hydrocmoricacfc, ,4:1 H O HO sn^ '"^ ,0 2 5 

— , ' M *° ,HCI ' and a Precipitate of modified amino 

scds formed. After ssfteng for 1 hour, the resulting precipe wes Tied bv 
dacan^on, washed whh water, nd dissolved, n sodium J££T£ 



white solid (220.5 g). 
25 
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Table 2 : Amino Acid Composition 



| Amino Acid 


Moles of Amino Acid 

(X lO ) 


Moles of . 

r mm mm i „ «f />-2 

l-NH 2 jx10 


Valine 


7.5 


7.5 


Leucine 


10.7 


10.5 


1 Phenylalanine 


13.4 


13.4 


1 Lysine 


21.0 


42.0 J 


I Arginine 


6.0 


12.0 | 



10 EXAMPLE 13 

PREPARATION OF /V-PHENYLSULFONYL VALINE 

/.-Valine (50 g, 0.43 mole) was dissolved in 376 mL (0.75 eq.) of 
aqueous 2 N sodium hydroxide by stirring at room temperature for 10 minutes. 
Benzene sulfonyl chloride (68.7 mL, 0.38 mole, 1 .25 eq.) was then added to the 

1 5 amino acid solution over a 20 minute period at room temperature. After stirring 
for 2 hours at room temperature, a precipitate appeared. The precipitate was 
dissolved by adding 200 mL of additional 2 N sodium hydroxide solution. After 
stirring for an additional 30 minutes, dilute aqueous hydrochloric acid solution 
(4:1 , H 2 0:HCI) was added until the pH of the reaction mixture reached 2.6. A 

20 precipitate of modified amino acid formed was recovered by decantation. This 
material was dissolved in 2 N sodium hydroxide and dried in vacuo to give a 
white solid. The yield of crude modified amino acid wad 84.6 g, 77%. 

EXAMPLE 14 

25 PREPARATION OF /V-HIPPURYL PHENYLALANINE 

/.-Phenylalanine methyl ester hydrochloride (1 5 g, 0.084 mole) was 
dissolved in dimethylformamide (DMF) (100 mL) and to this was added pyridine 
(30 mL). A solution of hippuryl chloride (16.6 g, 0084 moles in 100 mL DMF) 
was immediately added to the amino acid ester solution in two portions. The 

30 reaction mixture was stirred at room temperature overnight. The reaction 
mixture was then reduced in vacuo and dissolved in 1 N aqueous sodium 
hydroxide. The solution was heated at 70°C for 3 hours in order to hydrolyze 
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,,:3 Ha/H '°»- * 

hydroxide. The S „K,«„„ ... "T. '" oovw wi and dissolved in 1 N 

sodium 

— a-a-no ac,d *Z 6^ • - «* 

pur, n^hed phany|a|an)ne * 2 :;~ atf ° n *« 
powder. m .p. 223-225<»C recovered as a white 



powder, m.p. 223-225°C. 
£XAMPffr Tff 
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A carrier solution of 300 ma nt . 
preparad ,„ H x8rnpte „, J^^T^ " — 

Cholera^n ICT, adjuvant stl„ mbtV> - 
" concn^don oM^l - S Spared byr aconsdt utl n 8 

16 s^on „r ,r;r it;t - — ~ * ... .. « . 

so-udon was added 0 3 « «" cho.ar, toxin 

» and .„ 0 V A L^oTT^t ^ COnC,n, """ , " '« 

EXAMPip if j 

Atmamw Maffl BffiEBiMBna max 

an.no ao.d cardar, W as 

Ktamine. and adm,nis,ared, by ore. B .va« w ,n9S,h9tod Wi * 

10«, CT. and 10 m8 or oal " 8 d08 ° ° 0n,8,nln8 100 « OVA. 

an • — - lnMStin " MerMton » **• collactod on dava 18 a 5 « 
30 after dosing wlth *e and g an/,d,uvant/carr le r prepar.don rl ' ' " 
«■» a hypertonic aoMton pdor to o ol ,ecZofT ^'^^ 
aecretlons were than m. J , , SeCre,lon «■"#••• The 
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specific IgA. IgA titer was determined by analyzing the secretions for the total 
IgA in the secretions and the OVA-specific IgA using the ELISA procedure 
below. The OVA-specific IgA could then be calculated from the results. IgA 
was expressed as "units" of specific anti-OVA IgA. 

5 

ELISA FOR TOTAL loA IN INTESTINAL SECRETIONS 

1 . Coat plate with 1 00 /A per well of affinity purified goat anti-mouse 
IgA (1;/g/ml) in carbonate buffer (pH 9.6). Incubate overnight at 4°C. 
10 2. Wash with an imidazole buffer having 0.05% Tween 20). 

3. Add 1/10 diluted BS A blocking solution, 300 ml per well. Incubate, 
with shaking, 30 minutes at room temperature. 

4. Wash with an imidazole buffer having 0.05% Tween 20. 

5. Add 1 00 pi per well of serially diluted samples starting at 1 /1 000. 
1 5 Standard reference Mouse IgA is run at 6 dilutions: 1 /1 50,000 ( 1 0 iA of Mouse 

IgA to 10 ml of buffer (1/1000). Add 100 fA of this solution to 14.9 ml of 
buffer (final dilution 1/150,000)) (16.32 ng/ml) (standard (1)); 200,000 3 ml of 
standard (1) + 1 ml of buffer (1/200,000) (12.25 ng/ml) (standard (2)); 
300,000 2 ml of standard (1) + 2 ml of buffer (1/300,000) (8.16 ng/ml) 
20 (standard (3)); 400,000 2 ml of standard (2) + 2 ml of buffer (1/400,000) 
(6.125 ng/ml) (standard (4)); 600,000 1 ml of standard (3) + 1 ml of buffer 
(1/600,000) (4.08 ng/ml) (standard (5)); and 800,000 1 ml of standard (4) + 
1 ml of buffer (1/800,000) (3.06 ng/ml) (standard (6)). Incubate for one hour 
at room at room temperature, shaking at high speed. 

25 

6. Wash 8 times with an imidazole buffer having 0.05% Tween 20. 

7. Add 100 fA per well of a 1/10,000 dilution of Rabbit anti-Mouse 
IgA in 1/1 5 diluent containing 4% PEG 6000. Mix briefly on shaker. Incubate 

30 overnight at 4°C. 



8. Wash 8 times with an imidazole buffer having 0.05% Tween 20. 



WOW/12474 

FCT/USJS/13SM 

co„ Ju9ated . Goat igQ ln 1/15 d|luont «rZ 9 

.ncub, te „„, hourWreomttmpera ^ wTOMp(d ^« « PEG 6000. 

5 ^ 8 am9S ^ " *««er having 0.05% Tween 20. 

11. Add 100 /A per well of PNPP/DEA D H9P u 
« room .empire , so ^Z o^T 

10 

"fang the average of the values calculated for all ^, 7 ' 

err rrr- *™ 

RBA FOR SPFHRC flWTi-rtUA ^ ,„ ^ 

Coat plate with OVA. Add 100 iA of a 4 . . 
20 carbonate buffer ,pH 9.6, to each we,l. OT/ml solution of OVA in 

28 o. 0 5 % 3 TW9 .:r we,,s and wash 4 *™ w,,h an ■ 

4. Add 300 0 of BSA solution to each well and Incubate 30 minutes 
at room temperature with shaking. 8 

30 

5. Wash 4 times with a Imteole buffer having 0.06% Tween 20. 
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6. Place intestinal secretion samples in 37°C water bath until almost 
thawed, and centrifuge at 4°C at 4000 rpm for 10 minutes to remove any 
precipitate. 

5 7. Add 100 iA per well of appropriately diluted samples (three-fold 

serial dilutions from 1/2 up to 1/486). 

Leave at least two "background" wells (all reagents except 

sample). 

Nftflativa control : pooled secretions collected from naive mice 
10 (diluted as with samples.) 

Reference : Rabbit anti-OVA IgG diluted 1/200,000 2 wells) - 



8. Incubate one hour at room temperature with rapid shaking. 

16 9. Wash 8 times with a imidazole buffer having 0.05% Tween 20. 

10. (a) To secretions: Add 100^ of dilute (1/1000) Alkaline- 
Phosphatase conjugated anti-mouse ig£ in 1/15 diluent containing 4% PEG 
6000. 

20 (b) To reference and one background well: 1 00 fA of 1 /1 0,000 

diluted A-P conjugated Goat anti-rabbit IgiL in 1/15 diluent + 4% PEG 6000. 



1 1 . Incubate one hour with rapid shaking. 
25 12. Wash 8 times with an imidazole buffer having 0.05% Tween 20. 

1 3. Add 1 00 iA of freshly prepared p-NPP substrate in diethanolamine 
buffer to each well. 

30 14. Incubate 30 minutes at room temperature in the dark. 

15. Read OD406 subtracting the average OD of the appropriate 
background wells. 
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1 6. Define the number of "antibody units- in *h« _ , 

of the sample whose OD „, = average OD o 1 r , ' " 

409 a ° e OD *»» of the IgG reference wells x 100. 

Express IgA content of samples as: 

fantiboriy |f nf^ Q f snfffljffr | n ^| 

fas total IgA) 

Results are Illustrated In Figure 1. 
10 EX A MP! p 1 7 

of cyclohaxanoyl-A™, was J D . Z u, an<l Carr, • , " °° 

were taken at six weeks post dose S arum Samp,6S 

Serum was assayed using an plica 
measure anti-OVA ssrum i«r tu. 9 tL'SA to 

SerUm ,flG * 1,18 P^cedure was as described below: 



20 



1. 

each well. 



serum rtrn-RMii^ ATI ^ rt 

Add 100,1 OVA solution (4pg/ m , ,„ carbonate ^ 



PH 9.6) to 



2. •"^«4.Cove m , 9ht ,or 2h , ursatroomtemp9rMurewith 
25 shaking. 



3- Empty and wash p..,. 4 «m M w,th Mdazol, buffer having 0.06% 
Tween 20 and ona 5 minute soak. 
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4. Add 300/ul of BSA solution and incubate 30 minutes at room 
temperature. 

5. Wash as above. 

5 

6. Add 100 ml of 1/1 5 diluted BSA solution to each well except first 
row of samples, first standard curve well, and wells for positive and negative 
controls. 

10 7. Add samples and controls. 

Samples : Place 1 50 fA of a 1 /200 dilution of each sample in first well 
of sample rows. 

Serially dilute 50 fA for 3-fold dilutions. 

1 5 Positive Controls : Place 200 fA of hyper immune serum at 1 /2000 dilution 

in first well. Serially dilute 100 fA two-fold to 1/64000 (6 wells). 

NapativQ control : pooled serum from naive mice (1 /200 dilution): 1 00 fA. 
"Background" : all reagents except serum in at least two wells. 

20 8. Incubate two hours at room temperature with shaking. 



9. Wash 8 times with imidazole buffer having 0.05% Tween 20 and 
one 5 minute soak. 
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10. Add 1 00* of Goa, anti-Mouse , g G Alkaline Phosphatase Conjugate 
(diluted 1/1000 to 1/15 PBS/BSA so.u«on comatotog 4% PEG gooo, 

11. Incubme overnight a, 4«C after shaking for a fe w minut9s . 

5 



1 2. Wash 8 times with imidazole buffer having 0.05% 



Tween 20. 



13. Add 100 * of freshly prepared pNPP eolation «o each wan ,„d 
develop at room temperature In the dark. 

10 

14. Read OD m . (Subtract Wank I.e.. empty we«, no, background,. 
16. Record when 0 0<M of 1/2000 et^dard - 1.2 ,.bou«0.5.1 hour). 

16 16. Calculate antibody titera In eample. by Interpolation of OD'a of 

dilutions, (max dilution at which OD m - 3X background). 
Results are illustrated in Figure 2. 

COMPARA-m/c FYrWiM^ 
20 ANTICEN IN VfVO gXPFRiMEffl- 

A composition of antigen (OVA) and adjuvant (CD waa prepared 
Mice were admmiatered, by oral gavaga. a dose containing antigen ,100 m 
OVA, and adjuvant (,*, CT>. Blood samples war. collected and analyzed as 
deacrlbed in Example 1 7. Re6ult8 ar9 ^ g 

25 
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EXAMPLE 18 

ANTIGEN IN VIVQ EXPERIMENT 

Following the procedure of Example 1 5, a composition of antigen 
(1 mg/ml of OVA), adjuvant (100 //g/ml of CT) and carrier (100 mg/ml of 
5 cyclohexanoyl-Arg) was prepared. Mice were administered, by oral gavage, a 
dose containing 100 jjq of OVA, 10//g of CT and 10 mg of carrier. Secretion 
samples were collected and analyzed at 46 days post dose as described in 
Example 16. 

Results are illustrated in Figure 3. 

10 

COMPARATIVE EXAMPLE 18A 

ANTIGEN IN VIVO EXPERIMENT 

Following the procedure of comparative Example 1 7A mice were 
administered a composition containing antigen (100 //g OVA) and adjuvant 
15 (1Q//g CT). Secretion samples were collected and analyzed at 46 days post 
dose as described in Example 1 6. 

Results are illustrated in Figure 3. 

EXAMPLE 19 

20 ANTIGEN IN VIVO EXPERIMENT 

Mice were administered, by intraperitoneal injection, an antigen 
preparation containing antigen (10 jug OVA) and adjuvant (10 jjq CT). This was 
followed by a booster administered by oral gavage, containing antigen (100 pg 
OVA), adjuvant (10 jjq CT) and 10 mg of cyclohexanoyl-Arg. Secretion samples 

25 were collected and analyzed at 46 days post dose as described in Example 1 6. 



W09M2474 
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^ults are illustrated in Rgure 3 . 



A carrier solution I. propared 
oW-«^ros,„,a nd1 3 5 ** 90 ^ °' 

^ctohexanoylteudne to , * „, „, 
Cholera toxin ICTi ,h- ° f wat8r - 

Ovalbumin (3 mo) /ova » . 

» ~:r::r:: — 

Mded. 0MhSch0,e "««»xin solution is 

■n»» carrier eolation and the OVA ,„ 
~to40o Can((mfxedtogether Aan,,flan/CTad -— onare 

-» — - OV A and 8 en e_ — 
coneentration of ,0O WmL . m9/mL ' 8nd an ad ju van, 



£XAMP | c |?I 



Fasted mice are anesthetfeed wm, v . 
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resultant solution is cleared by centrifugation and is assayed for total and OVA- 
specific IgA's using the ELISA procedure described in Example 1 5. The 0 VA- 
specific IgA titer is calculated from the results. 



5 FXAMPUE 22 

IMMUM IZAJ3QM flF CHICKENS 

A solution containing formalin-inactivated Infectious Bursal Disease 

Virus (IBDV) (Maine Biological Laboratories, Winslowe, Maine) was prepared by 
diluting a buffered solution of IBDV (2.5 X 1 0' TCID w /mL) to 1 /1 0 of the original 
10 concentration (2.5X1 0 s TCIDBo/mU. 

A mixture of five sulfonated amino acids (2.0 g) prepared according 
to the method of Example 11 and sodium 2-cyclohexylbutyrate (8.0 g) were 
dissolved in 50 mL of the IBDV solution prepared above. 1 mL of a 0.5 mg/mL 
solution of cholera toxin f-subunit (CTB) and 0.25 mL of a 0.1 mg/mL solution 
1 5 of cholera holotoxin (CT) was added, and the resultant solution (solution 1 ) was 
warmed to 40°C and incubated for 10 minutes. 

50 mL of 1.7 N citric acid/1% gum acacia/2% 0-cyclodextrin 

solution (solution 2) was warmed to 40° C. 

Solutions 1 and 2 were mixed to provide a suspension of 

20 IBDV/CTB/CT containing microspheres. 

Nineteen chickens were each dosed, by oral gavage, with 2 ml per 
bird of the microspheres suspension (prepared daily) on three consecutive days. 
Each daily dose contained 2.5 X 10» TCID w /mL of IBDV, 10 „g of CTB, and 0.5 
jwg of CT. 
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Afar four we*s, ., eh blro immunl2ed „ abova ^ ^ 
un^un,,,, blrd8 W9re vja |ntraocu , ar ^ (bdv 

oroups of birds raveaIad ttat a „ of fc ^ ^ wefe ^ 
microsphere suspension (the immunbod/eha||9n8ed ^ , g ^ ^ 

un^e^^^^^^ 

A., pa„ nts . apples, publications , an „ ^ 
herein are hereby incorporated by reference. 

Many venations of *. presen, invention wii, su 98 est tnemseives 
» ta. s W „ed ,n tbe art ,n „ 8 h, „, « t abov9 ^ ^ ^ ^ 
ntod^ons are within the m lntended sc0p9 „, ^ ^ 



WO 96/12474 PCI7US95/13528 

46 

1/tfHAT IS CLAIMED IS: 

1 1. A composition comprising: 

2 (a) an antigen; 

3 (b) an adjuvant; 

4 (c) at least one carrier comprising a member selected from 

5 the groups consisting of: 

6 (i) an acylated amino acid or a salt thereof; 

7 (ii) a poly amino acid comprising at least one acylated 

8 amino acid or a salt thereof; 

9 (iii) a sulfonated amino acid or a salt thereof; 

10 (iv) a poly amino acid comprising at least one 

1 1 sulfonated amino acid or a salt thereof; or 

1 2 (v) any combination thereof. 

1 2. A composition as defined in claim 1 , comprising a mixture. 

1 3. A composition as defined in claim 1, comprising a 

2 microsphere. 

1 4. A composition as defined in claim 1 , wherein said antigen 

2 comprises a peptide. 



1 

2 



5. A composition as defined in claim 1 , wherein said adjuvant 
comprises a mucosal adjuvant. 
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1 6. A composition as defined in claim 1 wh«r«, , 

2 



1 7. 



A composition defined In claim ,, ^^..^ _ , 

2 C — ' — - at on. acWa J J * 

3 salt thereof. am,no acld » a 



8. 



A composition as defined in claim 1 «,k. , 

1 9 A 

*• A composition as defined in , 

: — ~r:rrr 



3 ^vcohexanov,^ md /V<vc(ohex8noy|l9uc(ne . 



11. 



composition comprising: 
(a) ovalbumin; 
<b) cholera toxin; and 
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4 (c) at least one carrier comprising a member selected from 

5 the groups consisting of: 

6 (i) an acylated amino acid or a salt thereof; 

y (ii) a poly amino acid comprising at least one 

8 acylated amino acid or a salt thereof; 

g (iii) a sulfonated amino acid or a salt thereof; 

10 (iv) a poly amino acid comprising at least one 

1 1 sulfonated amino acid or a salt thereof; or 

1 2 (v) any combination thereof. 

1 12. A composition comprising: 

2 (a) Infectious Bursal Disease Virus; 

3 (b) cholera toxin; 

4 (c) cholera toxin iff-subunit; and 

5 (d) at least one carrier comprising a member selected from 

6 the groups consisting of: 

-j (i) an acylated amino acid or a salt thereof; 

S (ii) a poly amino acid comprising at least one acylated 

9 amino acid or a salt thereof; 

10 (iii) a sulfonated amino acid or a salt thereof; 

^ (iv) a poly amino acid comprising at least one 

1 2 sulfonated amino acid or a salt thereof; or 

13 (v) any combination thereof . 
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13. A composition as defined in claim n 

2 microsphere. 12 ' cor "P'feing a 



14. 



A dosage unit form comprising 



1 

(A, a composition according to claim 1; and 
3 (B) 



. 4 
5 
6 
7 

8 



9 
10 



te> an excipient, 
to) a diluent, 
W a disintegrant, 

W) a lubricant, 

(a) a plasticizer, 

W a colorant, 

<9> a dosing vehicle, or 

W any combination thereof. 



1 A dosage unit form according to claim 

2 tablet, a capsule, or a liquid. 4 a 



1 16. 



1 e - A method for admlnisterino an 

• rina " COmposWo " a» define to cla|m , 

A method for Imrminklng chickens »m„ - 

2 or.Hy admlnisterino., , TO *° d 
dmmisterinn a composition a. defined In claim 12 
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! 1 8. A method for preparing a composition as defined In claim 1 , 

2 said method comprising mixing an antigen, an adjuvant, and a carrier comprising 

3 a member selected from the group consisting of: 

1 (I) an acylated amino acid or a salt thereof; 

(ii) a p 0 |y amino acid comprising at least one acylated 

3 amino acid or a salt thereof; 

4 (iii) a sulfonated amino acid or a salt thereof; 

5 (iv) a poly amino acid comprising at least one 

6 sulfonated amino acid or a salt thereof; or 

7 (v) any combination thereof. 

■j 19. A method for preparing microspheres, said method 

2 comprising: 

3 (A) solubilizing, in a solvent, at least one carrier to provide a 

4 carrier solution; and 

5 (B) contacting said carrier solution with an antigen, an adjuvant, 

6 and a precipitator solution in which said carrier is insoluble; 

7 wherein said carrier comprises a member selected from the groups 

8 consisting of: 

9 (a) an acylated amino acid or a salt thereof; 

(b) a poly amino acid comprising at least one 

1 1 acylated amino acid or a salt thereof; 

^ 2 (c) a sulfonated amino acid or a salt thereof; 

13 (d) a poly amino acid comprising at least one 

1 4 sulfonated amino acid or a salt thereof; or 
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<•) any combination thereof. 



20. a method as defined in ciaim 19, wherein said carrier 

1 8 ° ,Uti0n 8 PH W,thl " ' *" — - - P-Pitator soiutfon has a pH 

[ 21> AC ° mP0S,ti0naSd ^'«c,aim12,whe 

2 -Prises a nature of ,.phen V ,su, fo n y , V a,ine, ..phen^on yB e U cine, 

3 ^phenv,au,on y( phen y ,a,ani„e, .-phen y ,s U , f0 n y „ ysjn e, and *. 

4 P hen y'sulfon y iarginine; and a stabilizer. 



22. A composition as defined in Cairn 2 1 , wherein said stabler 
2 comprises sodium 2-cvclohexvlbutvrate. 
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